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Executive Summary
Turtle River State Park is located 22 miles west of Grand Forks, ND, on US 
Highway 2. Within the park, there are several riverbanks that are experiencing erosion. 
The Red River Basin Riparian Project was contacted by the park in hopes of finding a 
solution. The project focuses on combining traditional engineering and soil 
bioengineering techniques to protect and stabilize riverbanks while enhancing in-stream 
and riparian habitats.
The focus of the design revolved around one streambank within the park. After 
research was conducted and constraints were considered, the streambank will be regraded 
with a 3:1 slope, the toe will be protected by rock riprap with underlying geotextile, and 




Turtle River State Park is located 22 miles west of Grand Forks, ND, on US 
Highway 2. Within the park, there are several riverbanks that are experiencing erosion. 
The Red River Basin Riparian Project was contacted by the park in hopes of finding a 
solution. The project focuses on combining traditional engineering and soil 
bioengineering techniques to protect and stabilize riverbanks while enhancing in-stream 
and riparian habitats.
A preliminary survey was conducted in the summer of 2001 to identify critical 
locations. One such location, known as Site #80 (Appendix A), was listed in the top 10 as 
needing immediate attention (Appendices B & C). The site is located in a high-traffic 
area and if left untreated, will compromise the bridge located at the east end of the bank 
(Figure 1). Also, this area commonly experiences spring flooding.
Figure 1: Turtle River, facing east and south, proposed design area
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Objective
The objective is to create a design that will stabilize the streambank, be cost 
effective, and create a natural habitat for riparian animals.
Preliminary Analysis 
Setting
The riverbank is bounded on the south by a wooded area and a nature trail, on the 
east by a service bridge, and on the north by small wooded areas, parking lots, and 
Woodland Lodge. The streambank is actively eroding on the right side of the channel and 
it slopes from a control point elevation of 100 ft down to 80 ft (Figure 2).
Figure 2: Turtle River, facing east and south, proposed design area 
Roots are exposed in the till that makes up the bank. The bridge is no longer open to the 
public and is used only for service vehicles. There is a pool located underneath the bridge 
and there is concrete debris in the channel.
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•  Vegetation
The vegetation adjacent to the bridge is dominated by weeds (Figure 3). Above 
the erosion, the bank and adjacent upland is vegetated with tree, shrubs, grasses, sedges, 
and forbs in a thin strip. Beyond this, the area is mowed for visitor use.
Figure 3: Turtle River, facing east and south, example of vegetation 
•  Animals
The wooded areas are full of small mammals; squirrels, woodchucks, skunks, 
weasels, beaver, and raccoons are often seen throughout the park. Bitterns, terns, and blue 
herons are commonly seen, as are trout, which are stocked throughout the river.
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•  Stream Characteristics
The Turtle River is a meandering stream with a low gradient (about 2%). The 
streambank is eroded in many areas, especially in high traffic areas. The water appears 
turbid and objects are visible to a depth of 0.5-1.5 ft.
•  Geology (Laird, 1959)
In preglacial times, before the glacier advanced over this area, a stream flowing 
northward had excavated the valley now known as the Red River Valley. When the 
glacier came down from the north, it filled this old valley with glacial drift and outwash 
so that now, the bed rock is covered to a depth of approximately 200 ft. The geology of 
the park consists of glacial till underlain by sandstones and shales.
Alternatives
The only alternative to bank stabilization is to leave the streambank in its current 
condition, as opposed to using bioengineering techniques to reinforce the soil and 
stabilize the slope.
Soil bioengineering techniques include, but are not limited to, live staking, 
brushmattress, brushlayer, live fascine, branchpacking, and post planting. There are also 
several techniques that can be used in combination with conventional engineering; these 
include live cribwalls, joint plantings, vegetated rock gabions, and vegetated geogrid 
(Wells 2000). These techniques can be used to design systems for both upland slope 
protection and streambank protection.
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Live Stakes (Wells, 2000)
Live staking involves the insertion of a live, rootable vegetative cutting into the 
ground. Cuttings are 2 to 3 ft long and Vi to 1 Vi in. in diameter. Stakes are pruned to be 
free of side branches with bark intact. They are installed basal end down the same day 
they are harvested. The stakes are placed 2 to 3 ft apart on a triangular spacing with only 
1/5 of their length exposed. Stakes are either pounded in or an iron bar can be used to 
make a pilot hole in firmer soil (Figure 4).
Figure 4: Live Stakes (Wells 2000)
Brushlaver (Wells, 2000)
Brushlayering consists of placing live branch cuttings in a trench perpendicular to 
the slope. A trench 2 to 3 ft wide is dug on the contour and Vi to 1 Vi in. diameter cuttings 
are placed with the basal ends against the slope. The trench is then backfilled with soil 
and compacted slightly to eliminate air spaces (Figure 5).
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Figure 5: Brushlayer (Wells 2000)
Live Fascine (Wells, 2000)
Live fascines are long bundles of cuttings that are bound together in sausage-like 
structures. Long straight branches are used to form the 6 to 8 in. diameter bundles. The 
bundles are placed in a trench so that the top of the bundle is exposed after backfilling. 
Dead stout stakes are cut from 2 x 4  lumber and are used to secure the fascine. Live 
stakes are also placed on the downward side of the fascine (Figure 6).
Figure 6: Live Fascine (Wells 2000)
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Brushmattress (Wells, 2000)
A brushmattress utilizes 1 in. cuttings 6 to 9 ft long to cover a slope. Live stakes 
and live fascines are used to help secure the brushmattress. The basal ends of the cuttings 
are placed in a trench under the live fascine at the base of the slope. Both live and dead 
stout stakes are placed on a 2 to 2 V2 ft spacing. Number 10 smooth wire is stretched 
diagonally between stakes and wrapped 6 in. from the top of the stake. The stakes are 
then driven into the ground tightly securing the brushmattress to the slope (Figure 7).
Branchpacking (Wells, 2000)
Branchpacking consists of alternating layers of live branch cuttings and 
compacted backfill to repair a small slump or gully. Dead stakes made from 2 x 2  lumber 
are driven 3 to 4 ft into the ground, 1 to 1 V2 ft apart. A 4 to 6 in. layer of V2 
to 2 in. diameter live branches are placed crisscross between the stakes with the basal 
ends touching the slope. A 12 to 18 in. layer of soil is added and compacted. The process 
is repeated until the slump is filled (Figure 8).
Slope surface
Figure 7: Brushmattress (Wells 2000)
Slope surface
Figure 8: Branchpacking (Wells 2000)
Post Plantings (Wells, 2000)
Post plantings are used to form pervious revetments along streambanks. Posts are 
usually larger than 3 in. in diameter and 7 to 9 ft in length. Side branches are removed 
and the posts are placed in holes made from augers or rams to about Vi their length. Two 
or more rows of posts are placed 2 to 4 ft apart using a square or triangular spacing 
(Figure 9).
Figure 9: Post planting (Wells 2000)
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Joint Planting (Wells, 2000)
Joint planting involves the placing of live stakes in the joints of rock riprap. If the 
rock has been previously placed on the slope, a steel rod or other device is used to 
establish a hole in the joints of the rock. The stakes can also be placed as the rock is being 
placed on the slope (Figure 10).
#
Figure 10: Joint plantings (Wells 2000)
Live Cribwall (Wells, 2000)
A live cribwall combines a hollow, box-like interlocking wood structure and live 
cuttings. The untreated timber or logs are layered to form openings in the structure. Soil 
#  is placed in the crib and cuttings are placed in the openings as the layers are built up. The
Vi to 1 Vi in. diameter cuttings are placed perpendicular to the slope and protrude through 
the crib (Figure 11).
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Slope surface
Live cutt ings  
1/2"—1.1 /2"  diameter
Water I ine
Fi 11 mater ial
Logs or timber
Figure 11: Live cribwall (Wells 2000)
Vegetated Rock Gabions (Wells, 2000)
Gabions are wire baskets filled with stones. A series of gabion baskets are used to 
form a wall or stabilize a slope. Live branches are placed between each layer of gabion 
baskets to create a vegetated rock gabion. Cutting range from to 1 in. in diameter and 
are cut long enough to reach into the undisturbed bank while protruding beyond the front 
of the gabion. Soil is also placed between the gabion layers (Figure 12).
Figure 12: Vegetated rock gabion (Wells 2000)
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Vegetated Geo grid
Geogrids utilize natural and synthetic geotextile materials to form steep slopes. 
Soil or stones are placed in layers formed by the geotextile material. Live cuttings 4 to 6 
ft long and Vi to 1 in. in diameter are used between each layer (Figure 13).
Figure 13: Vegetated geogrid (Wells 2000)
Plant Materials
Soil bioengineering requires woody species that root easily from cuttings. They 
must also be adaptable to the site conditions. Streambank situations may be inundated at 
times and upland sites may be droughty. Table 1 (Appendix D) provides a general list of 
plant species used in soil bioengineering. As with any planting design, it is desirable to 
use a variety of species to minimize failure due to insects and disease.
Design Constraints
Technical constraints include the ability to obtain and maintain the necessary 
materials for implementation.
Economic constraints include project funding by the federal government. Turtle 
River State Park has contacted the Red River Basin Riparian Project, which is federally
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funded with matching non-federal funds, to create the design. Another constraint is the 
cost of the materials that are to be used in the implementation. The design must be cost 
effective.
Safety constraints are not expected to occur and would only include the safety of 
those around the equipment during the implementation.
Aesthetic constraints include the material that is used to create the design. The 
bank should look as natural as possible. Materials such as live crib wall, brush spurs, and 
willow post plantings will restore a natural looking stream bank. Concrete objects are 
easier to construct, but are not aesthetically pleasing.
Biological constraints include any plant material that is used to create the design.
It is required by Turtle River State Park that any plant life introduced into the park must 
be native to the park.
Design Approach
The design focuses on soil bioengineering recommendations for low gradient 
streams based on stream classification. Turtle River is classified as Early IV Deposition 
(Simon, 1989) or as Stream Type F (Rosgen, 1994). Treatment strategies for this stream 
classification include maintaining existing watershed runoff and sediment loads. There 
may be a need to create more floodplain (excavation) and shaping of some banks to 
reduce slope failure hazard and to place toe protection. There is a need to improve the 




A contour map (Appendix E) was constructed to determine slope and an area of 
cut and cross sections (Appendix F & G) were created using HEC-RAS (Appendix H) to 
determine bankfull and baseflow elevations. Once these values were obtained, soil 
bioengineering methods, structural measures, and plant materials could be chosen.
Final Design
The streambank will be regraded with a 3:1 slope, the toe will be protected by 
rock riprap with underlying geotextile, and the slope will have an erosion blanket beneath 
the vegetation of live stakes and tree plantings (Appendix I).
Toe Protection
Rock riprap was chosen for toe protection on the bank. Riprap provides long-term 
stability and has structural flexibility; it can be designed to self-adjust to eroding 
foundations. Riprap has a long life and seldom needs replacement and is inert so it does 
not depend on specific environmental or climatic conditions for success. Several other 
methods were researched and eliminated based on the following criteria:
Tree revetments are not recommended for use near bridges or other structures 
where there is high potential for downstream damage if the revetment dislodges during 
flood events.
Dormant post plantings are well suited to smaller, non-gravely streams where ice 
damage is not a problem.
Piling revetments with wire or geotextile fencing are particularly suited to streams 
where water next to the bank is more than 3 ft. deep. This treatment is more economical
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than riprap; however, it is easily damaged by ice flows or heavy flood debris and should 
not be used where these conditions occur.
Piling revetments with slotted board fencing are usually complex and expensive. 
They may also be vulnerable to damage by ice or heavy flood debris and should not be 
used where these conditions occur.
Jacks or jack fields may be constructed of wood, steel, or concrete. Steel or 
concrete jacks would not meet the design objective of using natural bioengineering 
techniques. Wood jacks would be less expensive than steel or concrete jacks; however, 
they are still very expensive to implement. These systems are complex and are most 
effective on long, radius curves.
Concrete cellular blocks do not meet the design objective of using natural 
bioengineering techniques.
Slope Protection
Live staking was chosen as the soil bioengineering technique used to stabilize the 
bank. Live staking is an effective streambank protection technique where site conditions 
are uncomplicated, construction time is limited, and an inexpensive method is needed. It 
is appropriate. Its used for repair of small earth slips and slumps that frequently are wet, 
enhances conditions for natural colonization of vegetation from the surrounding plant 
community, and produces streamside habitat. Several other methods were researched and 
eliminated based on the following criteria:
Live fascines should be placed in shallow contour trenches on dry slopes and at an 
angle on wet slopes to reduce erosion and shallow sliding. This would require more 
excavating and seeding.
Branchpacking is appropriate when repairing small localized slumps and holes in 
streambanks. It is not effective in slump areas greater than 4 ft. deep or 4 ft. wide.
Vegetated geo grids are used above and below stream-forming flow conditions and 
can be complex and expensive.
Live cribwalls can be complex and expensive. Its most effective on fast flowing 
streams and where an eroding bank may eventually form a split channel.
Joint planting, otherwise known as vegetated rock riprap, requires that the slope 
consist entirely of rock riprap, which would be very expensive, and incorporates the use 
of live stakes. This would encourage visitors to climb upon the structure and would not 
be cost effective.
A brushmattress is a combination of live stakes, live fascines, and branch cuttings. 
It’s most effective on steep, fast flowing streams, and can be complex and expensive. 
Planting Materials
Sandbar willow stakes will be planted 4 ft. directly above the rock riprap. This is 
a medium shrub, native along riverbanks, lakes, and sloughs throughout most of North 
Dakota. This species does well in moist soils and survives severe flooding. It requires full 
to partial shade and its suckering habit is an advantage for riparian plantings to stabilize 
streambanks.
The uplands area beyond the willow stakes will be vegetated sporadically with 
cottonwood, dogwood, and false indigo.
Cottonwood trees are the largest and fastest growing tree in the state. They are 
native to moist soils along streams and wetlands. They are used for field and farmstead 
windbreaks and riparian plantings (Herman et.al, 1996).
Redosier Dogwood is a multi-stemmed, medium to large shrub with horizontal 
branches at the base. Its characterized by its dark, blood-red bark and can grow in full sun 
to partial shade (Herman et.al, 1996).
False Indigo is similar to a sub-shrub and is native to North Dakota and 
throughout the Great Plains. It prefers above average moisture conditions and is used in 
conservation plantings along streambanks for erosion control (Herman et.al, 1996).
Calculations and construction specifications can be seen in Appendices J & K, 
respectively.
Cost Estimate
Using a cost estimate table (Appendix L), the following budget was constructed:
A pp lica tion  / M ateria ls Price Q uan itv C ost
Low  E stim ate High E stim ate
Hand p lan ting rooted and non-rooted tree  stock $0 .40 $1.20 per tree 300 $120.00 $360.00
Hand p lan ting non-rooted stakes (a lso  p lanting in rip rap) $0 .80 $1.50 per s take 600 $480.00 $900.00
S ite  prepara tion  /  C lean up $50.00 $100.00 per site 1 $50.00 $100.00
R eshaping stream  to  s tab le  s lope  (earth m oving) $1 .20 $2.20 per cu. yd. 690 $828.00 $1 ,518 .00
R ock rip rap (D e live red but not p laced) $25.00 $50.00 per cu. yd. 110 $2,750 .00 $5 ,500 .00
P lacem ent o f rock toe $15.00 $25.00 per cu. yd. 110 $1,650 .00 $2 ,750 .00
G eo textile $1 .50 $1.70 per sq. yd. 220 $330.00 $374.00
Erosion con tro l fab ric $1 .40 $1.50 per sq. yd. 450 $630.00 $675.00
$6,838.00 $12,177.00
Time Schedule
The construction process could begin this spring or summer, depending on when 
the ground is thawed and the floodwaters have left. If the design is implemented, one 
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APPENDIX D 
Table 1: Plant Species
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Table 1: Plant Species (Wells 2000)
Table 1.—Soil Bioengineering plant species
Name Location Availability Habitat value Size/form Root type Rooting ability 
from cuttings
Acer negundo N, NE Common Excellent Small Mod. deep Poor-fair
Boxelder tree spreading
Alnus rubra NW Very common Excellent Large tree Shallow Poor
Red alder spreading
Baccharis gluanosa W Common Very good Medium Fibrous Good
Water waily shrub
Bacccaris halimifolia S, SE Common Very poor Small-med. Fibrous Fair-good
Eastern baccharis shrub
Baccharis pilularis W Very common Good Medium Fibrous Good
Coyotebrush shrub
Baccharis viminea W Very common Very good Medium Fibrous Good
Mule fat shrub
Beotia papyrifera N, E, Common Good Tree* Fibrous Poor
Paper birch & W shallow
Beotia pumila N, Et Common Very good Medium Fibrous Poor
Low birch & W shrub
Comas amomum N. SE Very common Very good Small Shallow Very good
Silky dogwood shrub fibrous
Camus racemosa NE Commoa Very good Med-small Shallow Good
Gray dogwood shrub
Comas rugosa NE Common Very good Med-amall Shallow Fair-good
Roundleaf dogwood shrub fibrous




Crataegus Sp. SE Uncommon Good Sm. derue Top root Fair
Hawthorn tree
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Soil bioengineering plant specie*
Name Location Availability Habitat value Size/form Root type Rooting ability 
from cuttings
Else a gnus commusasa N. Cent. Very Common Poor Medium Shallow Fair-good yy
Silvcrberry _ shrub
Ugusarum sinense S. SE Common Fair-good Smalt-med. Shallow Good
Chinese privet shrub Gbrous




NW, W Common Fair Small Fibrous Good
Physocarpus opulifolius NE Common Good Med-high Shallow Fair-good
Common ninebark shrub lateral
Populus angusafolia 
Arrowleaf cottonwood
w Common Good Tree Shallow Very good
Populus balsami/era NW Common Good Tree Shallow Very good
ssp. mchocarpa  
Black cottonwood
fibrous
Populus delsoides MW, E Very common Good Large Shallow Very good
Eastern coaonwood tree
Populus Jremonni SW Very common Good Tree Shallow Very good
Fremont coaonwood • Gbrous
Populus trm uloidcs NW Very Good Large Shallow Fair
Quaking aspen common tree
Robinia pseudoacacia 
Black locust
NE Common Very poor Tree Shallow Good
Rubus aUegheniensis NE Very common Very good Small Fibrous Good
Allegheny blackberry shrub
Rubus speesabilis SW Very common Good Small Fibrous Fair-good
Salmoobcrry shrub
Rubus strigosus N, NE, Very common Very good Small Fibrous Good
Red raspberry & W shrub *-
Salix erigua NW Fairly Good Medium Shallow Good
Coyote willow common shrub tuckering
ssp. interior N. SE Common Good Large Shallow Fair-gooc
Sandbar willow shrub to deep
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Soil bioengineering plant speciei
Nunc Location Availability Habitat value Sixe/forra Root type Rooting ability 
from cuttings




Soliz bonplandiana W Sc Very common Good Medium Fibrous Very good
Pu aay willow MW shrub




Salix gooddingn sw Very common Good Large shrub Shallow Excellent
Good ding willow Small tree to deep
Salir hookeriana NW Common Good Large Fibrous Very good
Hooker willow dense
Soliz humilis N, NE Very common Good Medium Fibroua Good
Prairie willow shrub
Salix lasiolepis W Common Good Medium Fibrous Very good
Array* willow shrub
Salix Ummonii w Common Good Medium Fibrous Very good
Lemmon willow shrub
Salix lucida N. NE Very common Good Med-large Fibrous Very good
Shining willow shrub
ssp. lasiandra NW Very common Good Large shrub Fibroua Very good
Pacific willow Small tree
Salix hue a W Very common Good Med-large Fibrous Very good
Yellow willow shrub
Salix nigra N, SE Very common Good Large shrub Shallow Excellent
Black willow Small tree to deep
Salix purpurea N, S, E. Very common Very good Medium Shallow Very good
Streamco Sc W shrub
Salix scouleriana NE Very common Good Large shrub Shallow Very good
Scoulcrs willow Small tree V
Salix silchensis NW Common Good Very large — Very good
Sitka willow shrub
Salix X  coned N. S, E. Uncommon Good Small Shallow Very good
Bankers willow Sc W shrub
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Soil bioengineering  pU nt species
Name Loeatioo Availability Habitat value Size/form Root type
Satix discolor N . KE Very common Good Large Shallow
Red willow shrub
Sambucus ceruUa W Common Very good Medium Fibroua
Blueberry elderberry shrub
Sambucus canadensis NE, SE Very common Very good Medium Fibrous
American elderberry shrub
Sambucus raccmosa NW Common Good Medium _
Red elderberry shrub
ssp. pubens NE- Common Very good Medium Deep
Scarlet elder shrub laterals
Spiraea alba N, E Common Good Small dense Dense
Meadowsweet apirea tree shallow lateral
Spiraea dauglasii NW Common Fair Dense Fibrous
Douglas spirea shrub suckering
Spiraea lomeraosa NE Common Good Small Dense
Hardback spirea shrub shallow
Symphoricarpos albus N, NW, Common Good Small Shallow
Snowbcny & E shrub fibrous
Viburnum alnifoliun NE Fairly common Good Large Shallow
Hubbicbush viburnum shrub fibrous
Viburnum dentation E Common Good Medium Shallow
Arrow-wood viburnum shrub fibrous


















Contour Map of TRSP Site #80
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(created by A. Nelson & T. Christopher)
TRSP Site 2 Plan: Testl 2/27/2005
TRSP Site 2 Plan: Testl 2/27/2005
downstream of bridge
TRSP Site 2 Plan: Testl 2/27/2005
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HEC-RAS Plan: Modified2 River Turtle River Reach: 2
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope VelChnl Row Area Top Width Froude # Chi
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/*) (sqft) (ft)
2 8 PF 1 470.0C 86 8. 91.12 91.2 0.000894 2.7C 173.9: 53.5C 0.26
2 8 PF 2 580.0C 86.8; 91 5E 91.7 0.000896 2 .9; 198.92 54.26 0 27
2 8 PF 3 700.0C 86.8: 92.04 92.1< 0 00090C 3.15 224,26 55.02 0.27
2 8 PF 4 8200C 86 82 92.47 92.6* 0.00090' 3.3C 248.1' 55.75 0.28
2 8 PF 5 900.0C 86.8C 92.74 92.9; 0.00091: 3.42 262.94 56.25 0.28
2 8 PF 6 1100.0C 86.8C 93.3' 93.5" 0.000933 3.6S 298.04 57.47 0.29
2 8 PF 7 1500.0C 86.8; 94.4 ' 94.7 0.000967 4.14 361.96 59.5J 0.30
2 8 PF 8 1850.0C 86.8C 95.27 95.5f 0.000984 4.5C 412.16 62.5' 0.30
2 8 PF 9 3200.00 86.82 97,92 98.3; 0.000884 5.29 716.75 148.35 0.30
2 8 PF 10 5000.00 86.83 100.93 101.3C 0.000636 5.40 1302.08 217.83 0.27
2 8 PF 11 10.00 86.83 87.61 87.62 0.000564 0.67 14.98 27.69 0.16
2 7 PF 1 470.00 86.51 91.08 91.16 0 000918 2.57 182.93 63.68 0.27
2 7 PF 2 580.00 86 51 91.54 91.66 0.000857 2.72 213.17 65.08 0.26
2 7 PF 3 700.00 86.51 92.01 92.14 0.000811 2.88 243.96 66,22 0.26
2 7 PF 4 820.00 86.51 92.45 92.58 0.000779 3.02 273.06 67.28 0.26
2 7 PF 5 900.00 86.51 92.72 92.87 0.000768 3.11 291.08 67.93 0.26
2 7 PF 6 1100.00 86.51 93.34 93.51 0.000748 3.32 333.87 69.44 0.26
2 7 PF 7 1500.00 86.51 94.44 94.65 0.000741 3.69 413.60 76.44 0.27
2 7 PF 8 1850.00 86.51 9528 95.52 0.000749 3.96 481.16 90.52 0.27
2 7 PF 9 3200.00 86.51 97.94 98 26 0.000666 4.64 809.72 173.01 0.27
2 7 PF 10 5000.00 86.51 100.95 101.25 0 000481 4.78 1393.82 214.35 0.24
2 7 PF 11 10.00 86.51 87.56 87.58 0.001078 0.88 11.30 22.25 0.22
2 6 PF 1 470.00 86 09 91.01 91 13 0.001082 2.70 173.80 63.11 0.29
2 6 PF 2 580.00 86 09 91.49 91.61 0.001018 2.84 204.31 65.80 0.28
2 6 PF 3 700.00 86 09 91.96 92.10 0.000951 2.97 236.22 68.94 0.28
2 6 PF 4 820.00 86.09 92.40 92.55 0 000902 3.08 267.23 71.87 0.28
2 6 PF 5 900.00 86.09 92.67 92.83 0 000882 3.16 286.79 73.66 0.28
2 6 PF 6 1100.00 86.09 93.30 93.47 0.000818 3.33 334.41 77.56 0.27
2 6 PF 7 1500.00 86.09 94.41 94.61 0.000736 3.64 424 26 84.28 0.27
2 6 PF 8 1850.00 86.09 95.25 95.48 0.000702 3.90 497.00 89.59 0.27
2 6 PF 9 3200,00 86 09 97.93 98.22 0 000591 4 49 856 43 162.47 0 26
2 6 PF 10 5000.00 86.09 100.94 101 23 0.000449 4.71 1359.75 172 68 0.24
2 6 PF 11 10.00 86.09 87.55 87.56 0.000176 0.50 19 99 23.67 0.10
2 5 PF 1 470.00 85 22 90.98 91.08 0000622 2.53 185.72 48.20 0.23
2 5 PF 2 580 00 85 22 91.45 91 57 0 000676 2.78 208 58 49.87 0.24
2 5 PF 3 700.00 85.22 91.91 92.06 0.000708 3.02 232.23 51.92 0.25
2 5 PF 4 820 00 85 22 92.34 92 51 0.000732 3,23 254.97 53.86 0.26
2 5 PF 5 900 00 85.22 92 61 92.78 0.000750 3.36 269.23 55.05 0 26
2 5 PF 6 1100.00 85.22 93.22 93 43 0.000787 3 66 303.82 57.82 0.27
2 5 P F 7 1500 00 85 22 94 30 94.57 0.000841 4.17 369.05 70.20 0 29
2 5 PF 8 1850.00 85.22 95.12 95.43 0.000851 4.53 434 18 94.79 0.29
2 5 PF 9 3200 00 85.22 97,81 98.18 0.000731 5.17 793.77 156.95 0.29
2 5 PF 10 5000.00 85.22 100.84 101.20 0.000554 5.36 1292.61 185.55 0.26
2 5 PF 11 1000 85.22 87.55 87.55 0.000021 0.23 4328 32.65 0.04
2 4 PF 1 470.00 85.30 90.97 91.06 0.000570 2.47 190.06 47.51 0 22
2 4 PF 2 580.00 85.30 91.43 91.55 0.000626 2.73 212.44 48.86 0.23
2 4 PF 3 700.00 85.30 91.90 92.03 0.000663 2.98 235.50 50.70 0.24
2 4 PF 4 820.00 85.30 92.32 92.48 0.000693 3.19 257.63 52.55 0.25
2 4 PF 5 900.00 85 30 92.59 92.76 0.000714 3 33 271.49 53.67 0.25
2 4 PF 6 1100.00 85.30 93.20 93.40 0.000753 3.65 305.10 56.51 0.26
2 4 PF 7 1500.00 85.30 94.27 94.54 0.000791 4 18 371.10 73.16 0.28
2 4 PF 8 1850.00 85.30 95 09 95.41 0.000806 4.55 449.50 115.19 0.29
2 4 PF 9 3200.00 85.30 97.82 98.15 0.000656 5.01 849.70 157 65 0.27
2 4 PF 10 5000.00 85.30 100.84 101.17 0.000510 5.23 1351.42 188.57 0.25
2 4 PF 11 10.00 85.30 87.55 87.55 0.000016 0.21 47.14 33.99 0.03
2 3 PF 1 470.00 85.52 90.92 88.08 91.03 0.000873 2.64 177.98 45.29 0.23
2 3 PF 2 580.00 85.52 91.38 88.36 91.51 0.000952 2.92 198.96 46 26 0.25
2 3 PF 3 700 00 85.52 91.84 88.65 91 99 0.001022 3.18 220.37 47.23 0.26
2 3 PF 4 820 00 85.52 92.26 88.91 92.44 0.001082 3.41 240.57 48.13 0.27
2 3 =F5 900.00 85.52 92.52 89 08 92.72 0.001122 3.56 253.03 48.68 0.27
2 3 3F 6 1100.00 85.52 93.12 89.48 93.36 0.001210 3.89 282.78 49 96 0.29
2 3 =F7 1500.00 85 52 94.19 90.18 94.49 0001318 4.45 337.41 53.02 0.31
2 3 =F8 1850.00 85.52 94.98 90.70 95.35 0.001395 4.88 380.74 55.63 0.32
2 3 3F 9 3200.00 85.52 97 50 92.43 98.08 0.001588 6.13 531.22 63.76 0.35
2 3 3F 10 5000.00 85 52 100.35 94.31 101.09 0.001507 7.10 785 35 159.98 0.36
2 3 3F 11 10.00 85.52 87 55 86.12 87 55 0.000025 0.23 44.14 32.17 0.03
2 2.4 Bridge
2 3F 1 470.00 88 50 90.76 90.97 0.002333 3.71 126.54 40.83 0.37
2 ISF 2 580.00 86.50 91.20 91.45 0.002394 4.00 145.13 42.64 0 38
H EC-RAS Plan: Modified2 River Turtle River Reach: 2 (Continued)
Reach River Sta Profile Q Total Min Ch a W.S. Elev Crlt W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude #  Chi
(Cfs) (ft) (ft) (ft) (ft) (ftffi) (ft/s) (sq ft) (ft)
2 2 PF 3 700.00 86.50 91.65 91.93 0.002413 4.26 164.49 44.07 0.39
2 2 PF 4 820.00 86 50 92.06 92.37 0.002409 4.48 183 05 45.38 0.39
2 2 PF 5 900.00 86 50 92.31 92.65 0.002374 4.63 194.55 46.11 0.39
2 2 PF 6 1100.00 86.50 92.90 93.29 0.002306 4.97 222.20 47.82 0.40
2 2 P F 7 1500.00 86.50 93.94 94 42 0.002231 5.56 273.18 50.36 0.40
2 2 PF 8 1850.00 86.50 94.71 95.27 0.002226 6.02 312.81 52.07 0.41
2 2 PF 9 3200.00 86.50 97.13 97.98 0.002284 7.49 441.75 54.94 0.44
2 2 PF 10 5000.00 86.50 99 20 100.53 0.002755 9.43 571.43 83.66 0.50
2 2 PF 11 10.00 86.50 87 54 87.55 0.000385 0.57 17.52 25 09 0.12
2 1 PF 1 470.00 86.89 90,75 88.81 90.87 0.001001 2.81 166.98 53.20 0.28
2 1 PF 2 580.00 86 89 91 20 89.04 91.34 0.001000 3.03 191.18 54.08 0.28
2 1 PF 3 700.00 86.89 91.65 89.27 91.82 0.001001 3.24 215.91 54.97 0.29
2 1 PF 4 820.00 86.89 92.07 89.48 92.26 0.001000 3.43 239.23 55.98 0.29
2 1 PF 5 900.00 86 89 92.33 89.62 92.53 0.001000 3.55 253.71 57.10 0.29
2 1 PF 6 1100.00 86.89 92.93 89.93 93.16 0.001000 3.83 288.76 59 74 0.30
2 1 PF 7 1500 00 86.89 93.99 90.51 94.27 0.001001 4.29 353.98 63.00 0.31
2 1 PF 8 1850.00 86.89 94.78 90.96 95.11 0.001000 4.65 405.35 66 80 0.31
2 1 PF 9 3200.00 86 89 97.27 92.46 97.76 0.001001 5.71 596.82 89.88 0.33
2 1 PF 10 5000.00 86.89 99.54 94.18 100.14 0.001001 6.60 921.68 177 52 0 34
2 1 PF 11 10.00 86.89 87.51 87.22 87.52 0.001001 0.731 13.73 34 31 0.20
APPENDIX I 
Drawings of Final Design
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. E a s t  B r a n
I HAVE REVIEWED THE DRAWINGS AND SPECIFICATIONS FOR THIS PROJECT. THE 
PROJECT HAS BEEN EXPLAINED TO ME FULLY AND I AGREE WITH ALL TECHNICAL 
ASPECTS OF THE PROJECT.
SPONSOR'S SIGNATURE________________________________ DATE.
CONSTRUCTION NOTES;
ALL WORK SHALL BE ACO M PUSH ED  ACCORDING TO THE PLANS AND 
SPECIFICATIONS OF THE PROJECT. ANY CHANGES SHALL BE WITH PRIOR 
WRITTEN APPROVAL BY THE PROJECT APPROVER.
AT LEAST TWO FULL W ORKING DAYS PRIOR TO EXCAVATION, THE 
CONTRACTOR SHALL NOTIFY THE NORTH DAKOTA ONE-CALL AT 
1-800-795-0555 AND ANY OTHER LOCAL UTILITIES 
THAT MAY BE IN THE AREA.
THE CONTRACTOR SHALL GIVE THE PROJECT COORDINATOR AND THE 
LANDOWNER/OPERATOR A MINIMUM OF TWO FULL WORKING DAYS NOTICE 
PRIOR TO CONSTRUCTION.
ALL CONSTRUCTION PRACTICES SHALL BE IN ACCORDANCE WITH O.S.H.A. 
STANDARDS AND REGULATIONS PART 1910 AND 1926. ALL EXCAVATIONS 
SHALL BE SLOPED, SHORED, OR SHIELDED ACCORDING TO O.S.H.A. PART 1926.
THE CONTRACTOR SHALL COMPLY WITH ALL LOCAL, STATE, AND FEDERAL 
REGULATIONS (E.G. CULTURAL RESOURCES).
CONCESSIONS
UNIVERSITY OF NORTH DAKOTA 
GRAND FORKS, ND
RED RIVER RIPARIAN PROJECT 
TURTLE RIVER STATE PARK 
ARVILLA, ND
B-2
ENANCE % n n t n
OCC PICNIC 
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EROSION BLANKET AND 
WILLOW STAKES (TYP.)
TYPICAL BANK X-SECTION 
FACING DOWNSTREAM
EXCAVATE AND BACKFILL WITH STREAMBED MATERIAL
NOTES: 1. LIVE WILLOW STAKES SHALL BE SPACED RANDOMLY AS TO ATTAIN A DENSITY 
OF 1 STAKE PER SQUARE FOOT.
2. STAKES SHALL BE PLANTED PERPENDICULAR TO THE BANK SLOPE.
3. STAKES SHALL BE PLANTED A MINIMUM OF TWO-THIRDS OF THE STAKE LENGTH 
INTO THE GROUND AND SHOULD EXTEND INTO THE LOWEST ANNUAL GROUND 
WATER LEVEL.
f,---------- --------------------------------- \
UNIVERSITY OF NORTH DAKOTA 
GRAND FORKS, ND
v______________ /
RED RIVER RIPARIAN PROJECT 







•  Volume of earth removal = (cross sectional area) x (length)
= (124.2 ft2) x (150 ft)
= 18,630 ft3
Total Cut =690 yd3
• Volume of erosion blanket = (81 ft2) x (150 ft.)
= 12,150 ft3
Total Erosion blanket = 450 yd3
Rock Riprap
•  Thickness = D5o = 13.5yoSo (Sturm, 2001) yo = normal depth
= [13.5 x (14.0 ft) x (0.0025 ft/ft)] x SF S0 = bed slope 
= (0.473 ft.) x (2) SF = safety factor
-  0.945 ft 
= 11.34 in.
D50 = 12 in.
•  Scour Depth = 1.5 x (the greater of Djoo and 1.5(D50))
Dioo = 9 in. (Isbach Curve, see graph)
= (9 in.) x (2)
= 18 in.
Scour Depth = 1.5 x (18 in.)
= 27 in.
Scour Depth = 2.25 ft.
• Volume of riprap = (150 ft.) x (12.96 ft.) x (1.5 ft.)
= 2916 ft3 
Total riprap = 110 yd3
• Volume of Geotextile = (150 ft.) x (39.6 ft2)
= 5940 ft3 
Total Geotextile = 220 yd3
Plantings
•  Volume of willow stakes = 1 stake / 2-3 yd3
» 600 yd3 
Total stakes = 600
• Number of cottonwood trees =100
dogwood trees = 100 
false indigo trees = 100 














Isbach Curve (Hoag & Fripp, 2002)
Figure 16A-1 Rock size based on Isbash Curve
Velocity ( ft /s )


















Construction Specifications (Kjellberg, 2004)
8. Mobilization
510. Site Preparation
810. Earthfill & Excavation







The work shall consist o f the mobilization of the Contractor’s forces and equipment necessary 
for performing the work required under the contract.
It shall include the transportation o f personnel, equipment, and operating supplies to the site; 
establishment of offices, buildings, and other necessary facilities at the site; and other preparatory 
work at the site.
The specification covers mobilization for work required by the contract at the time o f award. I f  
additional mobilization costs are incurred during the performance o f the contract as a result o f 
changed or added items of work for which the contractor is entitled to an adjustment in contract 
price, compensation for costs will be included in the price adjustment for the items o f work 
changed or added.
2 PAYMENT
Total payment will be the lump sum contract bid price for mobilization.
Payment o f the lump sum contract bid price for mobilization will constitute lull compensation for 
all labor, materials, equipment, and other items necessary and incidental to completion o f the 
work.
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CONSTRUCTION SPECIFICA TIO N  
510. SITE PREPARATION
1. SCOPE
This work shall consist of obstruction removal, clearing, site dewatering, farmstead utility 
relocation and excavation o f existing unsuitable material in the site work area to obtain a 
suitable foundation area for the works o f improvement.
2. OBSTRUCTION REM OVAL
The limits of the areas from which obstructions must be removed will be marked by means o f 
stakes, flags or other suitable methods as described in Section 9. Structures requiring 
obstruction removal outside the limits o f the area for obstruction removal will be marked by 
means o f flags, painted marks or other suitable means as described in Section 9.
Items such as boulders, large rocks, old concrete chunks and other debris such as scrap metal, 
fence wire, or other items as identified in Section 9 are considered obstructions that shall be 
removed from within the limits o f the proposed site area.
When specified for re-use, boulders, large rocks, and old concrete chunks which are durable 
will be salvaged and stockpiled for later use in the site foundation subgrade or as specified in 
Section 9 o f this specification. Boulders, large rocks and old concrete chunks will be 
considered refuse material for disposal, if  not specified for re-use in the site works o f 
improvement.
Refuse material resulting from obstruction removal shall be removed from the project site and 
be disposed o f at a legal disposal site, unless otherwise indicated on the drawings or in Section 
9 of this specification.
3. CLEARING
The limits of the areas to be cleared will be marked by means o f stakes, flags or other suitable 
methods.
All trees, snags, logs, brush, shrubs, and rubbish shall be cleared from within the limits o f the 
marked areas.
All material cleared from the designated areas shall be disposed o f in the locations and in the 
manner shown on the drawings, or as specified in Section 9 o f this specification.
4. SITE D EW A TERING
The contractor shall take the means necessary to remove surface water and ground water 
from the construction site and foundations of the site work to allow proper execution o f the 
construction work. This includes but is not limited to the installation and use of temporary 
diversions, drains, sumps and pumps as necessary to accomplish the removal o f water.
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The contractor shall conduct his operations, including dewatering,' uch a manner so as to 
prevent sediment from rv ling live streams. The crossing o f live str eams by fording will not 
be permitted. Temporary stream crossings will be installed as necessary to allow equipment to 
cross without entering the stream.
5. FARMSTEAD U TILITIES
Those farm utilities (pipelines, power lines, and etc. which are not public utilities) which are 
buried in the work area that require relocation by the contractor shall be noted on the 
construction drawings and identified in Section 9 o f this specification. Any existing 
waterlines, electric lines, drainage lines, or any other farmstead utility damaged by 
construction activities shall be repaired by the contractor to original condition or better.
6 FOUNDATION PREPARATION
The unsuitable foundation material shall be excavated from the site proposed works o f 
improvement area to the depth and limits as shown on the construction drawings.
The unsuitable excavated material or excavated material not used in the works of 
improvement shall be spread in designated disposal areas to the depth as shown on the 
drawings or as specified in Section 9 o f this specificatioa If spreading is not designated, the 
unsuitable or excess excavated material shall be stockpiled in the disposal area shown on the 
drawings or as specified in Section 9 o f this specification.
After the foundation preparation has been completed to the limits shown and prior to any 
placement o f fill, the project engineer or his designated representative shall approve the 
foundation.
7. SEDIMENT PO LLU TIO N  CO NTROL
The contractor will follow the sediment pollution control plans developed for the job that are 
a part o f the contract package. I f  no sediment pollution control plans exist as part o f the 
contract package, the contractor will schedule and conduct his operations as well as install 
measures such as dikes, sediment basins, silt fences, and/or etc. as necessary to minimize . 
erosion o f soil and to prevent sediment from reaching live streams and wetland areas. No area 
will be stripped o f sod and topsoil unless the area is used as a borrow site or as a construction 
site for permanent works immediately following stripping.
8. M EASUREM ENT AND PAYM ENT
For items o f work for which specific lump sum prices are established in the contract, the 
quantity o f  site preparation will not be measured for payment. Payment for site preparation 
will be made at the contract lump sum price. Such payment will constitute full compensation 
for all labor, materials, equipment, tools, and other items necessary and incidental to the 
performance o f the work.
Compensation for any item o f work described in the contract but not listed in the bid sheet 
will be included in the payment for the item of work to which it is made subsidiary. Such 
items and the items to which they are made subsidiary are identified in Section 9 o f  this 
specification.
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CONSTRUCTION SPECIFICA TIO N  
810. EARTHFILL & EXCAVATION
1. SCOPE
This work shall consist o f clearing, grubbing, stripping, debris removal and disposal, excavation o f  channels 
and borrow areas, construction o f earth embankments, and other earthfills or excavations required by this 
specification and the construction drawings.
2. CLEARING AND GRUBBING
Unless otherwise specified, the structure(embankment) site, the storage area created by the proposed 
embankment, and the borrow area(s) shall be cleared of all trees, brush, fences, and other objectionable 
material. Within the limits o f the earthfill and appurtenances, the borrow areas, and the other areas o f 
excavation; stumps, roots, and other objectionable material shall be removed to a minimum depth o f 1 foot 
below ground surface. Care shall be taken to protect from damage other trees not marked for removal and/or 
outside the limits of the area to be cleared and grubbed.
3 STRIPPING
The foundation area under the earthfill shall be stripped o f all grass, roots, vegetative materials, objectionable 
soil (e.g. topsoil), and other material that will prevent a bond between the foundation and the earthfill. The 
borrow area shall be stripped o f all grass, roots, vegetative materials, and other materials that are unsuitable for 
earthfill. Stripping of topsoil shall be done in a manner that will allow salvage and stockpiling o f the topsoil 
needed to cover the earthfills and other appurtenances as specified by the construction drawings or in Section 
14 of this specification.
4. DISPOSAL
Trees, stumps, debris, and spoil removed shall be disposed o f outside the area to be occupied by the earthfill 
and the storage area created by the earthfill and shall be disposed of in the waste disposal areas specified on the 
construction drawings or in Section 14 of this specification.
5 EXCAVATION
Excavation under this specification shall be defined as the excavation o f all materials that can be excavated, 
transported, and unloaded by the use o f heavy ripping equipment, wheel tractor-scrapers, pull type scrapers, 
heavy dozer equipment and/or excavators (tracked backhoe).
All excavations shall comply with OSHA Construction Industry Standards. Excavated materials shall be used 
for specified earthfills.
Excavations in earth beyond the specified lines and grades shall be corrected by filling the resulting voids with 
approved compacted earthfill unless otherwise directed by the Engineer. Prior to  correcting an over­
excavation condition, the contractor shall review the planned corrective action with the Engineer and obtain 
approval of corrective measures.
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All fill materials shall be obtained from required excavations and designated borrow areas. The selection, 
blending, routing and disposition of materials in the various fills shall be subject to approval by the engineer o r 
his/her designated representative. (
Fill materials shall not contain frozen material, sod, topsoil, brush, roots, or other perishable materials. The 
maximum rock particles incorporated in the fill shall be 6 inches, except that the maximum size o f rock 
particles in the backfill material within 2 feet o f a structure shall be 3 inches. Rock particles larger than the 
maximum size specified for each type of fill shall be removed prior to compaction o f the fill.
FOUNDATION PREPARATION
Foundation areas shall be stripped as described in Section 3 o f this specification.
The earthfill foundation surfaces shall be graded to remove surface irregularities and shall be scarified or 
otherwise acceptably scored and loosened to a depth o f 2 inches. The moisture content shall be controlled as 
specified for the earthfill, and the surface materials o f the foundation shall be compacted and bonded with the 
first layer o f earthfill as specified for subsequent layers o f earthfill.
Foundation and abutment surfaces shall not be steeper than 1 horizontal to 1 vertical unless otherwise 
specified. Test pits or other cavities in the foundation shall be filled with compacted earthfill conforming to  the 
specifications for the earthfill to be placed upon the foundation.
PLACEM ENT
Fill shall not be placed until the required excavation and foundation preparation have been completed and the 
foundation has been inspected and approved by the engineer or his/her designated representative. Fill shall not 
be placed upon a frozen surface, nor shall snow, ice, or frozen material be incorporated in the fill.
Fill shall be placed in approximately equal horizontal layers. The thickness o f each layer before compaction 
shall not exceed 6 inches. Materials placed by dumping in piles or windrows shall be spread uniformly to not 
more than the specified thickness before being compacted. Fill compacted by manually directed power 
tampers shall be placed in layers not more than 4 inches thick before compaction.
Adjacent to structures, fill shall be placed in a manner which will prevent damage to the structures and will 
allow the structures to assume the loads from the fill gradually and uniformly. The height o f  the fill adjacent to 
the structure shall be increased at approximately the same rate on all sides o f the structure.
Earthfill shall be placed so as to meet the following additional requirements:
a. The distribution o f materials throughout each zone shall be essentially uniform, and the fill shall be free 
from lenses, pockets, streaks or layers o f material differing substantially in texture or gradation from the 
surrounding material.
b. I f  the surface o f any layer becomes to hard and smooth for the proper bond with the succeeding layer, it 
shall be scarified to a depth o f not less than 2 inches before the next layer is placed.
c. Unless otherwise authorized, the embankments shall be constructed in continuous layers from abutment to 
abutment. The top surfaces of embankments shall be maintained approximately level during construction, 
except that a crown or cross-slope o f not less than 2 percent shall be maintained to insure effective 
drainage, and except as otherwise specified for drainfill zones.
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9 CONTROL OF M OISTURE CONTENT
Unless otherwise specified on the construction drawings or in Section 14 o f this specification, the following 
paragraphs apply to the control o f moisture content.
During the placement and compaction o f fill, the moisture content o f the materials being placed shall be 
maintained within the limits required to permit satisfactory compaction at sufficient moisture content. If fill 
material is placed containing a moisture content to produce a hand molded ball which holds its shape and one 
is unable to squeeze or shake free water to the surface, the moisture content can normally be considered 
satisfactory and sufficient.
The application o f water to the fill materials shall be accomplished at the borrow areas insofar as practicable. 
Water may be applied by sprinkling the materials after placement on the fill if necessary. Uniform moisture 
distribution shall be obtained by disking, blading, or other approved methods prior to compaction o f  the layer.
The control of moisture shall be subject to approval of the Engineer or his/her designated representative.
Material that is too wet when deposited on the fill shall either be removed or be dried to the acceptable 
moisture content prior to compaction.
If  the top surface of a preceding layer o f compacted fill or a foundation or abutment surface in the zone o f  
contact with the fill becomes to dry to permit a suitable bond it shall be scarified and moistened by sprinkling 
to an acceptable moisture content prior to placement of the next layer o f fill.
0 COM PACTION
Earthfill shall be compacted according to the following requirements for the class o f compaction specified in 
Section 14 o f this specification:
Class A Compaction
Each layer o f fill shall be compacted as necessary to achieve the specified density using the compaction test 
method specified in Section 14 o f this specification.
Class B Compaction
Each layer o f fill shall be compacted by the specified number o f passes o f the construction equipment used 
to achieve the density specified by developing a test fill. The type o f  construction equipment and the 
number o f passes will remain the same for the rest o f the earthfill as for the test fill while controlling 
moisture content. If  a different fill material is encountered a new test fill will be constructed to establish 
the compaction control method necessary to achieve the density specified on the changed fill material.
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Class C Compaction
Each layer of fill shall be compacted by the specified number o f passes o f the construction equipment specified, 
or by an approved equivalent method. Each pass shall consist o f at least one passage o f the roller wheel, track 
or drum over the entire surface o f  the layer unless specified in Section 14 o f this specification.
Unless otherwise specified in Section 14 o f this specification, compaction o f  fill adjacent to structures shall bv. 
accomplished by means o f manually directed power tampers, except that hand compaction may be used (1) in 
bedding the pipe and (2) in sections inaccessible to the manually directed power tampers. Heavy equipment 
shall not be operated within 2 feet o f any structure. Vibrating rollers shall not be operated within 5 feet o f  any 
structure.
The passage of heavy equipment will not be allowed over any type o f conduit until the backfill has been placed 
above the top surface o f the conduit to  a height equal to one-half o f the clear span width o f the conduit or 2 
feet, whichever is greater.
Compaction of fill adjacent to concrete structures shall not be started until the following time intervals have
elapsed after placement o f the concrete:
Structure Time interval
Retaining Walls and counter forts 14 days
Walls backfilled on both sides simultaneously 7 days
Conduit, precast, cradled 2 days
Conduits, precast, bedded 1 day
Anti-seep collars and cantilever outlet bends 3 days
11. REMOVAL AND R EPLA CEM EN T OF DEFECTIVE F IL L
Fill placed at moisture contents outside the acceptable range o f  moisture content or otherwise not 
conforming to the requirements o f the specifications shall be reworked to meet the requirements or be 
removed and replaced by acceptable fill. The replacement fill and the foundation, abutment and fill 
surfaces upon which it is placed shall conform to all requirements o f this specification for foundation 
preparation, approval, placement, moisture control, and compaction.
12. TESTING
Densities of fill requiring Class A  compaction will be determined by the contractor in accordance with ASTM 
Method D 1556, D 2167, or D 2937 except that the volume and moist weight o f included rock particles larger 
than those used in the compaction test method specified for the type fill will be determined and deducted from 
the volume and moist weight o f  the total sample prior to computation o f density. The density so computed 
will be used to determine the percent compaction o f the fill matrix. Unless otherwise specified, moisture 
content will be determined by one o f the following methods: ASTM Method D 2216 or D3017.
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13. SEDIMENT POLLUTION QNTROL
The contractor will follow the sediment pollution control plans developed for the job that are part o f 
the contract package. If  no sediment pollution plan exists as part of the contract package, the 
contractor will schedule and conduct his operations as well as install measures such as dikes, sediment 
basins, silt fences, and/or etc. as necessary to minimize erosion o f soil and to prevent sediment from 
reaching live streams and wetland areas. No area will be stripped of sod and topsoil unless the area is 
used as a borrow or as a construction site for permanent works immediately following stripping.
14 MEASUREMENT AND PAYM ENT 
Method 1
For items o f work for which specific unit prices are established in the contract, the volume o f each 
type o f earthfill within the specified zone boundaries will be measured and computed to the 
nearest cubic yard by method o f average cross-sectional end areas. Unless otherwise specified, no 
deduction in volume will be made for embedded conduits and appurtenances.
The pay limits shall be the measured surface o f the foundation when approved for placement o f 
the fill and the specified neat line o f  the fill surface. Fill required to fill voids resulting from over 
excavation o f the foundation, outside the specified lines and grades, will be included in the 
measurement for payment only where such over excavation is directed by the project engineer to 
remove unsuitable material and where the unsuitable material condition is not a result of the 
contractor’s improper construction operations as determined by the engineer or his/her designated 
representative.
Payment for each type of fill will be made at contract unit price for that type o f  fill. Such payment 
will constitute full compensation for all labor, materials, equipment, tools, and all other items 
necessary and incidental to the performance o f the work.
Method 2
For items of work for which specific lump sum prices are established in the contract, the quantity 
o f the type o f earthfill and excavation will not be measured for payment. Payment for the 
excavation and earthfill will be made at the contract lump sum price. Such payment will 
constitute full compensation for all labor, materials, equipment, tools, and all other items 
necessary and incidental to the performance o f the work.
Compensation for any item of work described in the contract, but not listed in the bid sheet will be 
included in the payment for the item o f work to which it is made subsidiary. Such items and the items 
to which they are made subsidiary are identified in Section 9 of this specification.
Fill required to fill voids resulting from over excavation of the foundatioa outside the specified lines 
and grades, will be included in the measurement for payment only where such over excavation is 
directed bv the project engineer.
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K,S ENGINEERING INC 
CONSTRUCTION SPECIFICATION 
61. LOOSE R O C K  RIPRA P
1. SCOPE
The work shall consist o f the construction of loose rock riprap and blankets(geotextiles).
2 MATERIALS
Rock for loose rock riprap shall conform to the requirements o f Material Specification 523 or, if 
so specified, shall be obtained from designated sources. Rock shall be relatively free from dirt, 
clay, sand, rock fines, and other materials not meeting gradation requirements.
Rock from designated sources shall be excavated, selected and handled as necessary to meet the 
quality and grading requirements in Section 9 of this specification. The rock shall conform to the 
specified grading limits when installed in the riprap.
At least 30 days prior to delivery o f material from other than designated sources, the Contractor 
shall notify the Contracting officer or site inspector in writing o f the sources from which he 
intends to obtain the material. The contractor shall provide the Engineer or his/her designated 
representative free access to the sources for the purpose o f obtaining samples for testing.
3. SUBGRADE PREPARATION
The subgrade surface on which the riprap is to be placed shall be cut or filled and graded to the 
lines and grades shown on the drawings. When fill to subgrade lines is required, it shall consist 
o f approved materials and shall conform to the requirements o f the specified class o f  fill.
Riprap shall not be placed until the foundation preparation is completed and the subgrade 
surfaces have been inspected and approved by the Engineer.
4. EQUIPM ENT-PLACED R O C K  RIPRAP
The rock shall be placed by equipment on the surfaces and to the depths specified. The riprap 
shall be constructed to the full coarse thickness in one operation and in such a manner as to avoid 
serious displacement o f  the underlying materials. The rock shall be delivered and placed in a 
manner that will insure that the riprap in place shall be reasonably homogeneous with the larger 
rocks uniformly distributed and firmly in contact one to another with the smaller rocks and spalls 
filling the voids between the larger rocks.
Riprap shall be placed in a manner to prevent damage to  structures. Hand placing will be 
required to the extent necessary to prevent damage to the permanent works.
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5. HAND-PLACED R IP K  JP
The rock shall be placed by hand on the surfaces and to the depths specified. It shall be securely 
bedded with the larger rocks firmly in contact with one to another. Spaces between the larger rocks 
shall be filled with smaller rocks and spalls. Smaller rocks shall not be grouped as a substitute f o r x 
larger rock. Flat slab rock shall be laid flat.
6. GEOTEXTILE
Geotextile shall be placed beneath the riprap on the prepared subgrade surfaces.
7. TESTING
The Engineer will perform such tests as are required to verify that the riprap and the complete w ork 
meet the requirements o f the specifications. These tests are not intended to provide the Contractor 
with the information he needs to assure that the materials and workmanship meet the requirements 
o f the specifications, and their performance will not relieve the Contractor o f the responsibility o f  
performing his/her own tests for that purpose.
8 M EASUREM ENT AND PAYM ENT
For items o f  work for which specific lump sum prices are established in the contract, the quantity o f 
riprap will not be measured for payment. Payment for riprap will be made at the contract lump sum 
price. Such payment will constitute full compensation for all labor, materials, equipment, tools, and 
other items necessary and incidental to  the performance o f the work.
Compensation for any item o f  work described in the contract but not listed in the bid sheet will be 
included in the payment for the item o f  work to which it is made subsidiary. Such items and the ( 
items to which they are made subsidiary are identified in Section 9 o f  this specification.
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The work shall consist of furnishing and installation of polypropylene nonwoven fabric and necessary 
fittings.
2. MATERIALS
Materials shall conform to the requirements of Material Specification 601.
3. SURFACE PREPARATION
Subgrade surfaces on which the geotextile is to be placed shall be cut or filled and carefully graded to the 
lines and grades shown on the drawings. When fill is required, it shall consist of materials approved by 
the Engineer and shall conform to the requirements of the class of fill used in the rest of the structure. All 
sharp or protruding objects shall be removed from the subgrade surface until the foundation preparation is 
complete and the subgrade surfaces have been inspected and approved by the Engineer or his/her 
designated representative.
Care shall be taken to assure that sharp objects are not allowed to come in contact with the geotextile.
4. PLACEMENT
Seams shall be made with a minimum overlap of 12 inches except that where folded cloth is involved, 
minimum overlap is then 18 inches. All geotextile shall be placed with enough slack to assure that it will 
not stretch, tear, or reduce seam overlap during construction operations. The cloth shall be carefully 
installed in a manner that will not dislocate or puncture the material.
All seams shall be held in place by securing pins spaced not more than 30 inches apart center to center.
5. PLACEMENT OF OVERLYING MATERIAL
Materials placed on top of the geotextile shall be placed with care to avoid stretching or tearing the geotextile. 
Rock rip rap shall not be dropped on the geotextile in such a manner as to damage the geotextile and in no 
event should it be dropped from a height greater than 2 feet. Any geotextile that is damaged during it’s 
installation or during placement of the overlying material shall be replaced by the contractor at his own 
expense.
6. MEASUREMENT AND PAYMENT
For items of work for which specific lump sum prices are established in the contract, the quantity of geotextile 
will not be measured for payment. Payment for geotextile will be made at the contract lump sum price. Such 
payment will constitute full compensation for all labor, materials, equipment, tools, and other items necessary 
and incidental to the performance of the work.
Compensation for any item of work described in the contract but not listed in the bid sheet will be included in the 
payment for the item of work to which it is made subsidiary. Such items and the items to which they are made 
subsidiary are identified in Section 7 of this specification.
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Material Specification (Kjellberg, 2004)





523. R O CK  FOR RIPRA P
1. SCOPE
This specification covers the quality of rock to be used in the construction of rock riprap.
2. QUALITY
Individual rock fragments shall be dense, sound and free from cracks, seams and other defects 
conducive to accelerated weathering. The rock fragments shall be angular to subrounded in 
shape. The least dimension o f an individual rock fragment shall be not less than one-third the 
greatest dimension o f the fragment.
The rock shall have the following properties:
a. Bulk specific gravity (saturated surface-dry basis) not less than 2.5
b. Absorption not more than 2 percent.
c. Soundness: Weight loss in 5 cycles not more than 20 percent when sodium sulfate is used or 
25 percent when magnesium sulfate is used.
The bulk specific gravity and absorption shall be determined by ASTM Method C 127.
The test for soundness shall be performed by ASTM Method C 88 for coarse aggregate 
modified as follows:
The test sample shall not be separated into fractions. It shall consist of 5000 ± 300 grams 
of rock fragments, reasonably uniform in size and shape and weighing approximately 100 
grams each, obtained by breaking the rock and selecting fragments o f the required size.
After the sample has been dried, following completion o f the final test cycle and washing to 
remove the sodium sulfate or magnesium sulfate, the loss o f weight shall be determined by 
subtracting from the original weight o f the sample the final weight o f all fragments which 
have not broken into three or more pieces.
The report shall show the percentage loss of weight and the results of the qualitative 
examination.
3. GRADING
The rock shall conform to the specified grading limits after it has been placed in the riprap.
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K ,S ENGINEERING INC 
MATERIA^ S?ECf f lC.ATIQNS 
601. GEOTEXTILE
1. SCOPE
This specification covers the quality of the engineering fabric and fittings..
2. GEOTEXTILE
The engineering fabric shall be polypropylene nonwoven fabric. The fabric shall be homogeneous 
throughout and be free from any visible defects. The engineering fabric shall be o f such quality 
to meet the following criteria:
a. Strength
The geotextile shall have a minimum strength o f200 pounds in the weaker principal direction 
when tested in accordance with ASTM D 4632. The burst strength shall be minimum 350 psi 
in accordance with ASTM D 3786.
b. Pore size
The geotextile shall have an apparent size opening (AOS) capable of retaining soil particles 
larger than U.S. standard sieve size No.80 . In accordance with ASTM D 4751 the 
Contractor shall furnish a certified copy o f laboratory results as evidence that the proposed 
material shall also be supplied .
c. Permeability
The geotextile shall have a minimum permeability rate o f 0.3 to 0.5 cm/sec in accordance with 
ASTM D 4491.
3. SECURING PINS
Securing pins for the geotextile shall be steel, 3/16-inch diameter, 15 inches long, with a \ m inch 
diameter steel washer or “L” shaped fiberglass securing staples, 15 inches long.
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d I U I i L M O S T H  'MCAIIUN C i — LK U b lU *1 CUN 1KUL bLANKET
EROSION MATTING SHALL BE "NORTH .̂.cRICAN GREEN C125 OR AN APPROVED EQIW..
EROSION MATTING SHALL BE CUT WHERE WILLOW STAKES AND OTHER WOODY PLANTINGS ARE NECESSARY 
PLACE MATTING ON PORTION OF STREAMBANK SHOWN ON DRAWINGS.
FINAL MATTING WIDTH SHALL BE AS DESCRIBED IN DRAWINGS.
SLOPE INSTALLATION
REFER TO STAPLE PATTERN DETAIL FOR CORRECT STAPLE PATTERN.
1. PREPARE SOIL BEFORE INSTALLING BLANKETS, INCLUDING APPLICATION OF LIME, FERTILIZER, AND SEED. NO MULCH.
2. BEGIN AT THE TOP OF THE SLOPE BY ANCHORING THE BLANKET IN 6" DEEP X 6’ WIDE TRENCH.
BACKFILL AND COMPACT THE TRENCH AFTER STAPLING.
3. ROLL THE BLANKETS (A.) DOWN OR (B.) HORIZONTALLY ACROSS THE SLOPE.
4. THE EDGES OF PARALLEL BLANKETS MUST BE STAPLED WITH APPROXIMATELY 2“ OVERLAP.
5. WHEN BLANKETS MUST BE SPLICED DOWN THE SLOPE, PLACE BLANKETS END OVER END (SHINGLE
STYLE) WITH APPROXIMATELY 4" OVERLAP. STAPLE THROUGH OVERLAPPED AREA, APPROXIMATELY 
12" APART.
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STAPLE PATTERN DETAIL f
STAPLES:
1. WIRE STAPLES SHALL BE U-SHAPED AND A MINIMUM OF 8 GAUGE AND 6" LONG.
2. WIRE STAPLES SHALL BE DRIVEN FLUSH TO SOIL SURFACE AND SHALL HAVE SUFFICIENT GROUND 
PENETRATION TO RESIST PULLOUT.
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APPENDIX L
Table 2: Cost Estimates
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Table 2: Cost Estimates (D. Rush, personal communication)
Riparian Project Best Management Practices and Cost Estimates.
Machine tree planting (scalp plant - may include site preparation) $16 - $27 / HLFT
Hand planting rooted and non-rooted tree stock. $0.40 - $1.20 / tree
Hand planting 2' non-rooted stakes (also joint planting in rip-rap) $0.80 - $1.50 / tree
Planting willow posts (4' and 6') using auger or waterjet stinger $10 - $12 / post
Willow fascines $5.99 - $7.99 / foot
Willow Waddle or live siltation fence $ 1 0 -$ 5 0 /foot
Timber Stand Improvement (Scarification) $106 / acre
Direct seeding of trees $520 / acre
Site preparation for tree planting or bio-engineering $40 -$106/ acre
Reshaping stream banks to stable slope (earth moving) $1.20 - $2.20 / cu yd.
Rock riprap (delivered but not placed) $25 - $50 / cu. yd.
Placement of rock toe $ 15 - $25 / cu yd.
Installation of root wads $100 / root wad
Vegetated gabions $76 - $125 / gabion
Engineering design and oversight $60 - $120 / hour
Cultural Resources Survey (conducted where necessary) $500 - $850 / site
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